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REFLECTION AND REPROCESSING OF THE RADIATION OF AN X-RAY

SOURCE BY THE ATMOSPHERE OF A NORMAL STAR

IN A BINARY SYSTEM

M. M. Basko,* R. A. Syunyayev,* and L. G, Titarchuk**

I. Introduction

Many of the compact galactic x-ray sources are members of /3**

binary systems whose secondary component is a normal optical

star [1, 2]. In a closedsystem,a significant part of the

radiation of the x-ray source is incident on the optical star

surface. As a result, the observed optical phenomena of such

systems are caused to a significant extent by the reprocessing

of the x-ray radiation into optical radiation in the atmosphere

of the normal component [3 -- 61. This problem and the associ-

ated problem of the necessary outflow of matter from the star

surface have recently been intensively discussed in the literature

[7 - 9].

X-ray radiation is absorbed upon the photoionization of

hydrogen, helium, and the K-electrons in the atoms of the heavy

elements. This process is effective for low energy x-ray quanta:

its cross section rapidly drops as the frequency increases, Gjej.

Under the normal space environment of a weakly ionized Plasma,
the Thomson scattering cross section d= 6!.65 110-cm2 exceeds

*Institute of Applied.Mathematics, USSR Academy of Sciences,

**Institute of Space Research, USSR Academy of Sciences.

***Numbers in the margin indicate the pagination of the
original foreign text.
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the photoibnization cross section calculated for.the hydrogen

atom already for photons with hv 0 
= 8keV [10,. 11].

The degree of ionization of hydrogen, which appears to be

the main supplier of electrons, has practically no effect on the

photoabsorption cross section (the main. contribution to.the total

absorption cross section of quanta with hv > 1 keV is that of the

heavy elements) nor on the cross.section for x-ray quanta

scattering. 2 At hv > aM C 2  3.7 keV, when the wavelength of a
e

quantum is less than the Bohr orbit radius, the scattering of

hard x-ray radiation by hydrogen and helium atoms is accompanied
2

by the removal of an electron, since the recoil energy h(hvhV/MeC2• _e

exceeds hydrogen ionization potential :u='/C . Thereupon, the

cross section for scattering by electrons associated with the

hydrogen atoms does not differ from the scattering cross section

of free electrons. Here is the fine structure constant,

At the same time, a high degree of ionization of.helium and /

the heavy elements C, N, O, Ne, and so on, results in a decrease

in the total absorption cross section and shifts the point at

which o Go I in the direction of lower energy quanta hv < 8

keV.

Thus, the fate of x-ray photons incident on the photosphere

of a normal star depends on their initial energy; . in the case

of hv : 8 keV, they are absorbed and their energy is reprocessed

into the energy of soft (and, in particular, optical) radiation;

in the case where hv >> 8 keV, a significant part (already 17% in

the case of single scattering) of the incident photons is

reflected [7].
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'A number of compact x-ray sources and, in particular, both

x-ray pulsars, which are components of double star systems -

Her Xl and Cen X3-possess an anomalously hard radiation spec-

trum kT - 30 keV [12]. Therefore,-the problem of explainingx
the fraction of the reflected energy, namely, the albedo of the

normal component in the hard x-ray.region, is of particular

interest. In the first place, we are interested from the point

of view of the efficiency of the reprocessing of hard x-ray

radiation into optical radiation, in the atmosphere .of. the normal

component of the binary system. And in the second place, the

characteristi of the.reflected signal itself, especially in the

case in which the primary directional radiation is not incident

on the Earth, are of interest.

We note that the absorption of the energy of hard x-ray

radiation is associated both with -photoionization accompanied

by the photon destruction and also with the recoil effect in

the case of scattering ~- .i The recoil effect plays a

dual role here: on the one hand, at each scattering, a part

of the photon energy is transmitted to the electron, and after

a number of scatterings ' , a photon loses a significant

part of its energy; on the other hand, a decrease in the photon
energy due to recoil increases the probability of its photo-

absorption, which also leads to a decrease in the albedo. For

energetic quanta, the recoil effebt plays a fundamental role in

energy absorption. Thus, for example, the two-dimensional

albedo amounts to 47% for a monochromatic line with.h = 30 keV. /5

Numerical calculations carried out with the neglect of photo-

absorption (aPh = 0) have resulted in an albedo equal to 65%

(see Table I), i.e., the absorption of energy has decreased by

only one-third.
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TABLE I*

Monochromatic line Two-dimensional Two-dimensional Two-dimensional Spherical Mean
hv (keV) . energy albedo albedo based on energy albedo energy number of

A number of quants A for a =0 albedo scatterings
A p ph
pn

15 O024 0,33 0,27 0,36 0-75 - 6,7

30 047 0,6 0,6 0,73 0,65 - 30
60 0945 0,6 0,?7. 0,8 0,5 -45

Continuous spec-
trum with kT (keV)x

IS 0,I 0 - - 0,73 0,24 -

O 0;30 03 , - - 0,66 0 36 -

*[Translator's Note: Commas in numbers indicate decimal points.]



In the third part of this article, values of the two-

dimensional and spherical albedo (Table I) are derived by

means of a numerical solution of the transfer equations for

x-ray radiationvin a plane-parallel atmosphere (worked out in

the second part and taking account of scattering and photo,

absorption processes). The problem of short-period pulses of

reflected x-ray radiation (Section IV, d) and optical radiation

arising from the reprocessing as absorbed x-ray flux (IV, e).

is investigated.

The fifth part is devotedto astrophysical applications.

The fraction of the energy of the x-ray flux from the source

Her Xl which has been reprocessed into optical radiation of

the visible component of the system HZ Her is estimated. It

is shown that soft x-ray radiation with hv < 1 keV, which has

been assumed in a number of papers [13, 8] to explain the

optical variability of HZ Her, cannot give the observed optical

characteristics of HZ Her. Only the reprocessing of the hard

x-ray radiation of Her Xl can give the properties.

Up to 30% of the hard (hv - 15 - 30 keV) x-ray radiation

incident on the surface of HZ Her should be reflected by it.

As a result, the hard x-ray radiation of the system Her Xl = HZ

Her should be observed on Earth (at a level - 10% of the

maximum flux) and during those 24 days of the 36 in which the

strongly directional soft (hv < 10 keV) x-ray radiation is not

incident on the Earth (see Section V, a). This effect - the

reflection of hard x-ray radiation by the surface of the normal

component - opens up the possibility of a search for x-ray

pulsars into. whose directional diagram the Earth does not fall.*

*In the opposite case, the reflection effects cause an
insignificant oscillation in the primary x-ray brightness curve.
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The x-ray brightness curve of such binary systems is shown in

Figure 1. It is similar to that observed for the x-ray source /6

Cyg X3 in the case of an orbital inclination of i - 10' - 150

(see Section 5b).

The spectrum of the reflected -x-ray radiation is shown in

Figure 2. It has a characteristic maximum at hv ~ 15 - 20 keV.

A result of.this is the possibility of the existence of a popu-

lation of x-ray sources which appear only in the hard x-ray

region and are practically unobservable in the standard region

of hv ~ 2 - 6 keV. On the other hand, as.has been shown in

Sectionl4b, under certain conditions the surface of the normal

star can effectively reflect x-ray radiation in the hv ~ 3 - 10

keV region. Discdntinuities should appear in the spectrum of the

reflected radiation corresponding to the boundaries of the K-

series absorption of atoms of the heavy elements Fe, S, and Ar.

The most important distinctive feature of the spectrum is a

strongcemission of the K -line of iron. The reflected radiation

is characterized by its. noticeable linear polarization (the

natural consequence of Thomson scattering) whose degree depends

on the observation phase and the orbital inclihation i.

II. Equations of Transfer in a Plane-Parallel Atmosphere

a. Statement of the Problem

The absorption and scattering of hard x-ray radiation hv

10 keV incident on the surface of the normal component takes

place primarily in the photospheric layers (see the results "

the calculations in [7]), where T 2 1040 K. This al'low

1. the star atmosphere to be assumed plane-parallel at

each point, since the thickness of an exponential atmosphere

i -<RI -- the star radius;

6



Lai
/*

Iprimary
radiation

0 LJ\O

.,reflecte d l\

[ I

radiation

h9 20 keV1

S- . 10 keV1

Figure 1. Integrated Cfor different orbital inclinations ) and

spectral curves of the x-ray brightness of the HZ Her system in
reflected light. The temperature of the primary x-ray.radiation
is kTx = 30 keV. The mean observed curve of the x-ray brightness

of the source Cyg X3 is shown for comparison in Figure la as a
function of the phase of the 4.8-hour cycle.[28].
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Figure 2. Spectrum of the x-ray radiation reflected from a semi-
infinite plane-parallel atmosphere. The primary flux with a
spectral dependence of the form (23) with kT x 

= 15 and 30 keV

is incident along the normal to the surface. The solid line
depicts the spectrum of the radiation reflected normally to the
atmosphere surface, and the dashed line indicates that reflected
at an angle of 900 to the normal. The horizontal dashed lines
correspond to a signal reflected from the external high tempera-
ture scattering layer of different optical [Continued on page 9]
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[Figure 2, continued] thickness for Thomson scattering To. The
dot-dashed line depicts an example spectrum of the reflected
radiation when such a layer is present. The normalization of the
curve is.explained in section III. Details of the spectrum are
taken into consideration in the curve shown as a thin line.

2. the complete neglect of ionization of K-electrons of

the heavy elements and the use of the results of the.calculation

cited in [14, 11] for the photoabsorption cross section; and

3. the electrons to be considered at rept for Compton

scattering of x-ray quanta, since KT, - (hg/mC2)

X-ray radiation in the 2 keV hv 50 keV, in which one /7

can assume with sufficient accuracy that x= ,the scat-

tering cross section to be the Thomson cross section, and the

scattering indicatrix to be isotropic, is of practical interest

in the problem being discussed.

Below are given the basic equations on the basis of which

the numerical calculations were carried out. We' will introduce

a system of coordinates OXYZ, whose OZ axis is pointed in the

direction of decreasing density perpendicular to the star
2

surface. A flux of external radiation H(v) (ergs/cm sec Hz)

is incident on the atmosphere in the POXZ plane at an angle of

cou, to the OZ axis. As independent variables, we will use

in what follows the optical thickness for Thomson scattering

j { N )4 the azimuthal angle cp (measured in the OXY plane

from the OX axis), and <cos (where, is the polar angle

measured from the OZ axis). We adopt for the photoabsorption

cross section of x-ray quanta of frequency v

(S- M %') 3rI (/2%p , Cl)

where hvo0 = 8 keV. The chemical environment is assumed to be

normal. Then the probability of the "survival" of a quantum at

9
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6etavalab~e co .

each absorption event is ._

b. Equation of Transfer

The equation of transfer of x-ray radiation in the approxi-

mation of isotropic scattering by electrons at rest, taking into

account phbtoabsorption and the recoil effect, has the form:

~~~ -~~2 L jfJ' ),zz;) 1
() -1 P I

where ju, ~ is the intensity of the x-ray radiation, and

S9'= /Li- (h)/rnc~z)(t -c°S')]4; I)

(- ... (f-f' I (5)
coga-~t' Yf~(j

9 1 t " . . .. ..... . . ... ..... . .. C -6 )

Wenbte';that:it follows from Equations (A) and (6) that /8

-I) z and . Introducing the source function

and solving Equation (3) with the boundary condition < 0

we derive an integral equation for -( i.,F-

I0 ° ' _ .j ) IJ.

10



c. Assumed Approximation edro

In the frequency region of interest to us, one can, with

sufficient accuracy, assume </, . It is evident from Equation

(9) that :,,r) depends on qcp and p only through v' and v1. If

the right-hand side of this equation changes weakly in the

frequency interval x lwhich corresponds to an average

frequency shift'of a quantum in the case of single scattering,

that is, in the case where

,H . 2? ~ .(10)

then the sourde function _.SFyf) also depends weakly on p and

cp by virtue of the continuous dependence of the solution of the

integral equation (9) on the right-hand side. This permits the

use in finding the intensitypl(,J',) clwith sufficient accuracy

of source .functions averaged over the angles S.., ' ... j

and ;,S0= ay, . , equations for which to an accuracy of terms

of the second order in x are derived from Equation (9) by the

substitution V=9/L-xoi-,j for S (approximation III) and by the-

substitution of A U/-. x) \for 2  __,(approximation II) In the */

numerical calculations, approximation II was used as the main

one, the integral equation for which has the form

where ,x ) " is the integral exponential function of . /9

order n. Approximation I (the crudest one) differs from approxi-

mation II in that in Equation (11), the value of (x at .

is removed from under the integral. We note that ! . at

x- hus, a ind\ ao)xdi/\ I, we have

Thus, in approximation I, we have

11
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Approximation III is not the next most accurate .:.in comparison

with II,assan approximationito the angular dependence, since

the dependence of (SY, . on cp is not so significant as its

dependence.on .i. However, one can assess the degree of agree-

ment of approximation III and II by the error which we allow

using approximation II.

The intensity of the reflected flux calculated'according

to approximation II is illustrated by a solid line and that

calculated according to approximation I is illustrated by a

dotted line in Figures 3 and 4, and the intensity calculated

according to approximation III is illustrated by a dashed

line in Figure 4. Plots are given in Figure 4 for the x-ray

radiation fluxes incident and reflected from a plane-parallel

atmosphere for the case of p = po = 1, when the incident flux

is concentrated in a spectral interval less than Av = vx near

hv = 30 keV. Condition (10) is violated, and the large dis-

crepancy in approximations III and II indicate their inappli-

cability for determining the intensity of the x-ray flux

emergent after several former scatterings. At the.same time,

the values of the albedo (which is an integral dharacteristic

of the problem) derived in these two approximations are

practically identical. The presence of a narrow peak shifted

by 2Av in frequency is easily explained by the fact that in

order for x-ray quanta to emerge, it is necessary to get

"unfolded" by 1800. For spectrally wide radiation of the form

(23), when the condition (10) is fulfilled with sufficient

accuracy, the spectral differences between approximations III

and II do not exceed 3%, which completely confirms the applica-

tion of Equation (11) to the problem under discussion. We note

12
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Figure 3. Spectrum of the reflected flux in the case of normal incidence on a plane-
parallel atmosphere of a monochromatic line with hv = 15 and 30 keV. In the upper
left-hand corner, the graph represents,'in polar coordinates, the directionality of
the reflected radiation for two values of the energy of reflected quanta for an inci-
dent line with hv = 30 keV. The very same quantities are illustrated in the lower
right-hand corner in the usual coordinates for an incident line with hv = 30 keV.
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7 [l

C 2)

20 25 h) keV) 30

Figure Spectrum of the radiation emergent normally to the surface of the atmosphere

when a monochromatic line hv = 30 keV is incident on it also along the normal to the

surface. The dotted line depicts the results of calculations based on approximation

I, the solid curve denotes calculations based on approximation II, and the dashed line

l trats al tions based on aroximation III (see Section II.

:.--. .- . _

.,. .,..,. * * .

-3/

15 20 -- 25 h9 (keV)3s0

Figure 4,* Spectrum of the radiation emergent normally to the surface of the atmosphere

when a monochromatic line hv = 30 keV is incident on it also along the normal to the
surface. The dotted line depicts the results of calculations based on approximation
I, the solid curve denotes calculations based on approximation II, and the dashed line
illustrates calculations based on approximation III (see Section II)'.



that Equations (10) and (12) are actually not integral equations

but recurrence relations. /10

The energy two-dimensional albedo A , the albedo based on
p

the number of quanta An and the average number of scatterings
pn

of incident x-ray quanta N prior to absorption or exit from the

scattering zone have been determined from the following equations:

"d, J ,r.,o 114 d4 132%" ____,' . (13)

AP =- . _A'_ i -_ _en'

d. 'De.en.en. ofte w-Dimensional<----' Ene1y4led)o

'A , .Co - _ _4)
J ! w)x'dx

H - 'J, ' - ,'X-/ I(15)

The quantity N is the ratio of the total number. of scatterings

in a vertical column -(of unit cross section) of the atmosphere

to the flux of incident quanta.

d. Dependence of the Two-Dimensional Energy Albedo on

the Energy of the Quanta

Let a monochromatic flux of hard quanta be normally incident

on a semi-infinite atmosphere. We will discuss two different

limiting cases corresponding to low and high frequencies.:

1) the scattering is\ isotropic and monochromatic, .the

role of photoabsorption is significant, and the role of the :

recoil effects is minor: 2)(1f.Mioj.0';o ; and

2) the scattering occurs by electrons at rest, the role

of photoabsorption is negligibly small, X(v) = 1, and the exact

relativistic equations are used for the scattering cross section

and the recoil effect.
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Figure 5. Dependence of the energy albedo of a plane-parallel
semi-infinite atmosphere on the energy of the x-ray quanta
incident along the normal to the surface.

A (v)- photoabsorption and the recoil effect.takeniofttb-a,
p

account; Apl(v)-only photoabsorption taken into account;

A (v)- only the recoil effects taken into account (example
p2

form); A pe(v)- upper estimate (see Section lIb) for A (v);
pp

y(x)- average energy (in\units of meC2 ) after scattering of the
quanta with the initial energy; the results of the numerical
calculations are denoted by small x.

Case 1) gives a good description of the reflection of x-ray

radiation from an atmosphere with a normal chemical composition

in the case of hv i 8 keV. This case has been investigated in

detail [15, 16], and a plot of the corresponding albedo A (x),
2 plwhere x,= hv/m C , is given in Figure 5. Case 2) correspondse

to the reflection of high-frequency radiation (.hv >> 8 keV) from

a semi-infinite medium. An example form of the two-dimensional

albedo Ap2 (x) in this case is also given in Figure 5. It is

clear that the actual value of the albedo of a monochromatic

line A-(x) should satisfy the inequalities Agx) At(m) and /1

A x) < Apz(x< (see Figure 5). It follows from this that, at a

16



certain frequency x = x*, the quantity A (x) reaches- its maximuN
P

value A* = A (x*) < 1. Numerical calculations (see. Table I) and
P p 2

the estimates cited below show that the energy hv* = x*m C
e

50 keV, and A* z 50%.
p

Estimates of Ap 2 (x). The differential scattering cross

section of a photon by an electron at rest [17] has the form

where arc cos is the scattering angle and

- T 1 C16)
21

The average energy (in units of.m C2) of the photons after the
e

first scattering is

- - -.--, (17 )

471
4 d (x)

Since the energy of the photons upon succeeding scatterings can

only decrease, then

(A YX = x ~ (o--j20,)

It follows from this estimate that A Cx) + 0 and x and hasp 2

the form given in Figure 5. Taking the frequency shift at the

second scattering into account permits deriving a more accurate

estimate for the quantity Ap2(X):

17



A,(x) Af 0)~ C X XT 21)

where

A plot of the function Aps (x) is given in Figure 5.

III. Results of Numerical Calculations

a. Reflection from a Plane-Parallel Atmosphere

The results of numerical calculations are given in Table I

and depicted in the figures. Plots are given in Figure 3 of the

intensity of .the fluxes of x-ray radiation incident at. an angle /12

o. ccos =o and reflected from a plane-parallel semi-infinite

atmosphere at an angle of iGrccI-Jo , for the case in which the

incident flux is concentrated in a narrow spectral interval near

hv1 = 15 keV and hv 2 =30 keV. We note that the width of this

spectral interval isrestricted from.below by the condition

(10) of the applicability of the approximations used.

Transfer equations are linear with respect to the intensity

H(v) (dimensions of ergs/cm 2 sec Hz).. The adopted normalization

of the radiation intensity is such that a spectral energy flux

-0/(ii&=T is iAcident on a cross section of unit area. If the

surface of the semi-infinite atmosphere were to reflect lthis\
entire flux without a change in frequency and isotropically in

all directions, the reflected radiation would have an.intensity

of unity. The fraction of the reflected energy ,(the two-

dimensional energy albedo), the fraction of-the reflected number

of quanta, and the average number of scatterings for an incident

18



flux with frequencies of hv = 15, 30, and 60 keV are given in

Table I. As the photon energy increases, the accuracy of the

non-relativistic approximation drops; therefore, the actual

values of the albedo for hv = 60 keV may differPsomewhat from

the values cited in Table I.

As the frequency increases, the role of photoabsorption

decreases, .but the Compton energy losses associated with the

recoil effects increase. Therefore, as the frequency increases,

the monochromatic line albedo A Cv) for v<~* increases, reaches
P )I

a maximum value A* 0.5 at hv* 50 keV, and decreases to zero
p •

for v* < v + (see Figure 5 and Section IId). Thus, due to the

recoil effect in the case of Compton scatterings,.no less than

one-half of the energy of the x-ray flux incident normally on

the surface of the optical star is absorbed and goes into heating

up the atmosphere.

In the upper left-hand corner of Figure 3., a plot is given

for the intensity of the emergent radiation as a function of

the angle of emergence i (in ipolar coordinates) for two values

of the energy, for the case in which a monochromatic line hv /13

15 keV is incident. In the lower right-hand corner, the same

plot [in the usual coordinates I j] is given for an incident

line with hv = 30 keV. We recall that an element of the surface

with area dS reflects a flux of energy per unit solid angle of

SFv ( )cots .The harder quanta - which have experienced one

or two scatterings - emerge mainly at angles close to 7/2,

whereas the softer quanta, which have experienced more scatter-

ings, emerge mainly at small angles to the normal.

The spectrum of the reflected radiation for the case in

which an x-ray flux with a spectral dependence

l (0)r exp (-h)/x T) (23)

19



with kT X = 15 and :30 keV is incident normally CV =0 ) on a

plane-parallel atmosphere is given in Figure 2. The spectrum

of the radiation emergent at an angle of.=0olis illustrated by

the solid line, and that incident at an angle #=%/z iis illus-\:
trated by a dashed line. The corresponding values of the two-

dimensional albedo are given in the lower part of Table I.

b.. Reflection of X-Ray Radiation by the Surface of the

Normal Component in a Binary System

It has been assumed in the numerical calculations that the

normal component is a sphere of radius.R = 0.42 * A, where A =

6 1011 cm is the distance between-the centers of the compO-j

\hentsX(an analysis of the observational data for the system HZ

Her results in such relations [6, 18, 7]). It has also been

assumed that the x-ray source is a point and illuminates the

entire portion of the normal star surface visible from it with

x-ray radiation having a spectrum of the form /)". exp-/K-)

The x-ray.brightness curves\Cthe dependence of the radiation.

flux on observation phase .11 , where ! 0 correspondsto

the middle of the x-ray eclipse) of the system HZ Her in

reflected light are given in Figure lb [the spectral Q(v) for

quanta with. hv,= 10, 20, and 30 keVI and in the upper part of

Figure la [the integral J = fQ(v)dv]. The temperature of the

x-ray radiation of Her Xl has been assumed to be .equal to kTxx
30 keV. The integral brightness curve of the system is normal-

ized to the primary flux of energy from Her Xl per unit solid /l4

angle Lx/4r, and the spectral Q(v) have been normalized to the

spectral flux of the primary x-ray radiation per unit solid angle

at h v <<kT Tx . The x-ray brightness of. the system in reflected

light has been determined as the flux of the reflected radiation

per unit solid angle in the direction of the observer from the
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entire visible part of the normal component. Also integral

x-ray brightness curves of HZ Her in reflected light are given

for comparison in Figure la for. i = 00 and i = 150 along with

the x-ray brightness curve of the source Cyg X3 (below).

In order to find the flux of reflected radiation at the

Earth, it is sufficient to divide the value given in the figures

by the square of the distance to the source T and take into

consideration the normalization: k= {, ergs/cm2

sec Hz), ,v (d J( ,L)L/4-L/ (ergs/cm2 sec)._-)On a change
in the system parameters, the functions ) and 1(i) depend

only on the ratio R/A [in the limit R/A << 1, they are proportional
2

to (R/A)2]. In the case in which the normal star fills its
Roche lobe, the ratio R/A depends weakly on the mass equation

of the components M x/M vx v

The spectrum of the reflected radiation is practically the

same as that given in Figure 2. The maximum of the reflected

flux occurs at hv = 20 keV. A characteristic peculiarity of

the curves given is the significant width of the eclipses in
reflected light, exceeding by approximately a factor of three

the width of the eclipses in the direct x-ray radiation of
Her Xl. The brightness curves in reflected x-ray radiation

for kT = 15 keV have an analogous form.
x

IV. Effects Accompanying X-Ray Radiation Reflection

a. Spectral Peculiarities of the Reflected Signal

When v v0 , an overwhelming portion of the emergent quanta

experience only a single scattering, and the spectrum of the

reflected radiation is completely determined in this case by the
dependence of the photbabsorption cross section a pkv) on the

2pk
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frequency. Because of this fact., there should appear in the

reflected radiation spectrum absorption discontinuities corres- /15

ponding to the boundaries of the K-series of the more abundant

heavy elements 0, Ne, S, Fe, etc. The average spectral index

when v << vo is equal to a = 3, i.e., the average spectrum of

the reflected radiation in the case of the declining form of

Equation (23) is similar to a Wien spectrum. The computed spec-

trum is given in Figure 2, and absorption discontinuities corres-

ponding to sulfur and iron are displayed. The disbontinuity

corresponding to iron at hv = 7.2 keV is especially interesting,

since it lies. in the region of the spectrum in which the

reflected radiation intensity is high. The ionization cross
-2(0 ' 0J2section at the threshold was taken equal to Fe = 4.6 10 - dm2

in the estimates-of the discontinuity magnitude, and the

abundance of iron was assumed to be [Fe]/[H] = 4 ' 10 - 5 . It is

difficult to caclulate for observation of a large number of the

K -lines of the heavy elements, since for atoms with a relatively

small nuclear charge Z (oxygen, neon, sulfur, and others), the

probability of the Auger effect after the photo-removal of a

K-electron significantly exceeds the probability of radiative

decay and the emission of a K - quantum. The fluorescence
cx 14

probability wk increases in proportion to Z . Only the K -line

of weakly ionized iron hv-.= 6.5 keV can appear intensely. For

iron wk = 0.34 [18a], i.e., 34% of the hard x-ray quanta absorbed

upon the photoionization of iron should be reprocessed into K.'-

quanta of iron. About one-half of them emerge from the photo-

sphere without being absorbed. The natural line width is small,

hAy z 10 eV. It should be somewhat widened on the low frequency

side, since part of the emergent quanta have experienced scat-

tering and have lessened their frequency due to the recoil effect.

The intensity of the K -line of iron in the reflected radiation

depends (just as does the absorption discontinuity) only on the

iron abundance in the star photosphere. With the abundance value

22



adopted above, the intensity of this line is .so greater that in

narrow spectral integral hAv> 100 eV, Av/vz\ 1/60, its inten-

sity should exceed the intensity of the primary signal in the

same spectral integral. (This estimate takes into account the

system geometry.) Consequently, this line may be detected in

bright x-ray sources which are components of close.binary paifs, /16

and its intensity should contain information about the iron abun-

dance in the photospheres of normal stars. In particular,

observation of the K -emission of iron:in the spectrum of Sdo Xl

could serve as an additionaL criterion for its \uicity, the

possibility of which is being discussed in the literature [22, 7].

We note that the intensity of this line should depend on the

orbital inclination angle i.

b. High Temperature Scattering Layer above the Star

Surface and Its Role in the X-Ray Radiation Reflection

The interaction of x-ray radiation with the normal star

atmosphere induces a stellar wind, that is, it results in an

effective evaporation and outflow of -m te ial fro m its sur'
face [7, 9] (see Figure 6). The outflowing gas located in a

field of hard radiation is heated up to high temperatures. The

high degree of ionization of the elements determining the

photoabsorption of x-ray photons results in a decrease ine\

role of photoabsorption processes in comparison with Thomson

scattering. The optical thickness (for Thomson scattering) of

this high temperature scattering layer lying above the star

surface may be significant, 0 < T 1. Numerical calculation

[7] has shown that, in the specific case of the HZ Her = Her Xl

system, it amounts to To = 0.05 (but it may be larger in other

cases). Oxygen, carbon, helium, and hydrogen are completely

ionized in this layer. The ratio of the concentration of OVII'.

and.GIXM ions amounts to only 10-2 10 . The optical thick-

ness of the high temperature zone for photoabsorption appears
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Figure 6. Binary system with x-ray pulsar and ionized reflecting
layer arising upon the evaporation of material from the surface
of the normal component.

to be small for all quanta with hv E 2 keV. The supplementary

contribution produced by this layer to the reflection of x-ray

radiation results in a significant increase in the reflected

flux in the hv ~ 2 - 10 keV region.

The effect of an external layer with optical thickness To,

in which pure scattering (the recoil effect can be neglected

when hv 5 8 keV) occurs, can easily be taken into account using /17

the well-known solution in planetary physics of the problem of

the reflection of light by an atmosphere of finite thickness for

a known albedo of the planet surface [16] (below,-we-will assume

the surface albedo to be zero). It is possible to use, with

sufficient accuracy, the approximate equations for the plane-

parallel and spherical albedos

Z o Y Ap "
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As a result, the spectrum of reflected x-ray radiation in the

hv ~ 2 - 20 keV region may be flat and have the form illustrated

by the dot-dashed line in Figure 2. The horizontal dashed lines

on this same figure indicate the value of the reflected radiation

intensity obtained in the limit v -- 0 'in the presence of an

external scattering layer in the plane-parallel atmosphere with

a different optical thickness T = To. The characteristic value

of the frequency v0 at which aph(Vo)To/ar ~ 1 and the spectrum

begins';to be-flat (the low frequency boundary of the spectrum)

is determined by the degree of ionization of the heavy elements.

This boundary may be variable and change in correspondence to

variations in the intensity of the primary x-ray radiation or

in the rate of.acretion onto the compact components.

c. Polarization of the Reflected Radiation

Unpolarized radiation after scattering by electrons is

linearly polarized, and the degree of polarization is 6i-cos ,

where y is the scattering angle. Therefore, x-ray radiation

reflected by the surface of the normal star should be linearly

polarized. The reflected radiation with hv 2 8 keV has experi-

enced only a single scattering. The polarization of the emer-

gent radiation in this case is easily estimated (the calculations

for a plane-parallel atmosphere are cited in [26]). Due to

the symmetry of the star surface at a phase of @== 0.5, polari-

zation of the reflected signal is absent. As the phase changes,

the degree of polarization of the reflected signal rapidly

increases, attaining a maximum of P--9T- at )-~0.'25 and /18

'i z 0.75. The degree of.polarization decreases for quanta

with hv > 8 keV, since an appreciable contribution to the

intensity of reflected radiation is made by quahta which have

undergone several scatterings and, consequently, are weakly

polarized. If the primary signal was polarized, then reflection
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resultsbin a noticeable depolarization and a change in the type

of polarization. This effect is easily taken into account in

each specific case.in the approximation of a single scattering.

Measurements of the linear polarization'and its dependence on

the observation phase can facilitate extraction of the reflected

signal against the background of the primary signal.

d. Short Period Pulses of Reflected X-Ray Radiation

Pulsed x-ray radiation (with a period p of the order of

several seconds) is incident on the surface of the normal compon-

ent in the Her Xl = HZ Her system and in the binary system

containing the x-ray source Cen X3. The pulses should be washed

out on reflection. Their amplitude in the reflected x-ray

radiation depends on two factors (below the star is assumed to

be a sphere of radius R, and A is the size of the binary system):

1. the finite "wandering" time of x-ray quanta in the

normal componentiatmosphere td; and

2. the finite and the dimensions of the reflecting surface

which are finite and comparable to pc: the reflected signal from

various sections of this surface arrives\at the observer at

different phases of the x-ray pulses. Let us estimate the time

td . The density distribution in the normal component atmosphere

can be assumed with sufficient accuracy to be exponential, NeCz) =

N 0 exp (-z/H),where H = (kTeR2)/(m GM) is the thickness of ae0 p

uniform atmosphere. We have H - 108 cm for a star with the

parameters of:HZ Her. Introducing the Thomson scattering optical
thickness 'r J/%(z)GrdF we find .(T/46 The number of

scatterings R1 (v) occurring, on the average, for each outward-

bound photon is significantly less than N(v), which is cited in /19

Table I and calculated per each incident photon. We note that
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17% of the quanta emerge already after the first scattering,

and quanta which have undergone many scatterings find themselves

at great depths, lose\ energy. as a result of the recoil effect,

and are absorbed in the majority of cases. The stay time of an

outward-bound photon in the atmosphere is

Here Z 1 is.the optical depth at which the majority of the

scatterings take place. Most likely x is only a few times

smaller than 1!(v), and td(v) < 10(H/C) z 0.03 sec <«1.24 .sec.

Thus, the delay time of the reflected x-ray photons on the normal

star atmosphere is small, and .the reflected flux pulse amplitude

is determined by the finite dimensions of the reflecting surface.

It is not difficult to estimate the reflected x-ray flux

pulse amplitude for an orbital inclination i = 900 at an obser-

vation phase 5 = 0.5 (the maximum x-ray-brightness in reflected

light) in the limiting case of pulses infinitely narrow in time

and isotropically emitted by a point, source as

Here p is the pulse period, and <,(x is the luminosity of the

primary x-ray source per unit solid angle averaged over the pulse

period. With such a form for the pulses, the observer will see

a system of dispersing concentric bright'rings on the normal

star surface. The x-ray emission of each of these rings in the

observer's direction rapidly falls off with their distance from

the center - the point on the star surface nearest to the

source of primary radiation (see Figure 7), and it is easily

estimated. Therefore, the variability of the reflected signals s\

associated mainly with the rapid intermittent formation of a new

ring and the slow decay of its.intensity up to the instant of
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Figure 7. Pulses of the reflected x-ray signal in the system
HZ Her. A plot of the luminosity of each ring-shaped band
(see Section IVd), is given.in the lower part of the figure,
and the total flux from all bands to the observer is given in
the upper part of the figure. The solid line corresponds to
infinitely narrow pulses of the primary radiation (24), and
the dashed curve corresponds. 'torebtangular pulses with a
duration of Ap = P/3. Such pulses should be observed in the
case of a knife-edged directionality diagram.. The dependence
of the amplitude of the pulses of reflected x-ray flux (solid
line) and optical pulses (dashed line) on the orbital phase
is illustrated in the upper right-hand corner of the figure.

the next ring's origin. The total radiation of the remaining

( LA~ -A4.9)]/cpA\-9.5 in the case of HZ Her) rings provides /20

a slowly varying background. Assuming the delay time of quanta

in the atmosphere to be td = 0, it is easy to find the size of
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the discontinuity in the intensity of the reflected signal (per

unit solid angle) upon the formation of a new ring, namely

'P)A (A-R(zA-R) (-25)

where A=R/cp and , °4: I( P, f is the reflection coeffi-

cient of a plane-parallel atmosphere .Cthe x-ray flux reflected

at an angle arc cos p when the flux incident externally at an

angle of arc cos p is equal to 7rp 0 ). :The determination of

I(GV,/It)*is given at the start of Section III, and the values of

o,40A,) are given in Figure 2. The time-average intensity of the

reflected signals (the mean sum for all the rings) is equal to

'< (,.,~ ,-2af4/R, 4 (.26)

where 4. R) IAlR' A .R . The. relative amplitude 4o,

falls off inversely proportionally to A-R/cpl as the frequency of

the primary x-ray radiation pulses increases. This quantity

amounts to 3fj =0.3 for the HZ Her system when A = 6.7. The,

amplitude of the reflected signal pulses is a minimum at the
phase '\ = 0.5, i.e., at other phases ) 0.3. This amplitu

depends on the shApe.<f the primary pulse, decreasing as its width

increases. Using the solution derived for an incident signal

of the form (24), it is possible in.principle to derive by simple

integration a solution for an arbitrary. shape of the primary

radiation pulses. In particular, one can show for rectangular

pulses of duration Ap that the answer is close to !Pi)('-_a ..

Observations of the pulsar Her X1 give A? , a-1 nd the pulse

amplitude Y-? /f/Wd£should be only 20% of the value of the

reflected signal.
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The shape of the reflected pulses is illustrated in Figure

7 for the case where Ap ~ p/3 and the pulsar diagram is knife-

shaped. It would appear, in this case Calso in the case of a

pencil diagram), that the observer should see how,the pulsar: /21

light waves run around the star hemisphere from one edge to the

other. Actually, A.$xIC ,.and, just as in the problem discussed

above, the observer should see bright concentric ring-shaped

bands dispersing over the star surface from a specific point

(this point is close to the inner Lagrange point at an observa-

tion phase =0.51 when A >> i). The total path from the source

to this point and from it to the observer is smaller than for

any other point of the star surface.

e. Short Period Pulses of the Optical Radiation

The solution expounded above for.the problem.of the amplitude

of reflected x-ray signal pulses can be applied to an analysis.

of the problem of the origin of the optical radiation pulses of

HZ Her [19]. It was pointed out earlier in 17] that emission
lines accompanying a high temperature gas are emitted from an

optically thin region and are a rapid response to x-ray pulses.

The radiation received in lino should.pulse, but.the amplitude

of the pulses should be equal to 10-- 20%, just as the ampli-

tude of the .reflected..x-ray radiation. The lines provide a

small part of the intensity of the star optical radiation;

therefore, the amplitude of the optical pulses is small (0.1 --

0.2%). The dependence of this amplitude on observation phase

is given in Figure 7. The exit time of optical radiation created

in the atmosphere after the reprocessing of the pulse emissions

is large , t >>1.24 sec, for a major fraction of the optical

radiation, as has been shown in [7]; therefore, it is possible

that emission lines producing a negligible contribution to the

total optical luminosity are the determining factor of the
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optical pulses. Observations are possible,. in principle, of the

rapid variability in the optical emission-lines of the bright

optical objects which are the companions of the sources.Cyg Xl,

2U1700 - 37, and 2Up~900 -- !40. 'Irregular variability of the

x-ray radiation has been detected in these sources.with charac-

teristic times ranging from 0.1 sec to 10 minutes. The intensity

of the emission lines (He II highly ionized heavy elements, and /22

also the\Balmer\lines) produced in- the hot superphotospheric

zone 'heated by x-ray radiation should vary in agreement with the

temporal variations of the x-ray flux. Since the intensity of

the lines depends strongly in. a complicated manner on the plasma

temperature., different types of correlation are possible. The

thermal relaxation time in an optically thin zone is short, and

the amplitude of Variation of. the radiation in the emission lines

depends basically on the parameter A = R/cp. In the best cases

in which the characteristic x-ray-variation time is large p ~

K/C, this amplitude can be close to the amplitude of variation.

of the soft (0.5 - 10 keV) x-ray radiation. With p ~ 0.1 sec

and R - 1012 cm (the case of the source Cyg Xl), the amplitude

of the variation of the emission lines is only 0.1 - 1%.

Optical emission lines associated with the reprocessing of x-ray

radiation in the external regions of a disc composed of material

\ created\by the relativistic object -E4] and also by gas flows in

the system can give a definite contribution to the optical

variability of the systems.

Observations of the rapid optical variability.in emission

lines can clarify the mechanism for the reprocessing of -x-ray

radiation. We note that electron scattering makes a significant

contribution to the opacity of hot stars. Therefore, a signifi-

cant fraction of the x-ray radiation is absorbed in a zone which

is optically thin to the emergent optical quanta. Consequently,

the variable component of the optical radiation may be signifi-

cant even in spite of the fact that the optical luminosity of
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these systems significantly exceeds the x-ray luminosity.

V. Effects of Reprocessing and Reflection of X-Ray Radiation

in Specific Systems

A. The Her X1 = HZ Her System

The value found for the two-dimensional albedo. Table I)

permits drawing the conclusion that the region of the normal /23

component surface nearest to the x-ray source reflects no more

than 30 - 40% of the energy incident on it. The remaining

60 - 70% of the energy of the hard x-ray radiation is repro"(.

cessed into heat in the photospheric layers of the normal

components and emerges in the form of optical and ultraviolet

radiation with a Planckian spectrum. As a result, a bright hot

spot is formed on the optical component surface with an effec-

tive temperature of"'T-, 7~T /Y7, where T and Fe are the0 e
effective temperature and energy flux from the star interior in

the absence of an irradiating x-ray flux, and , 0.6 is the

fraction of the energy absorbed.. As has been shown in' [7] and

confirmed by the present calculations,.the albedo of the

observed hard x-ray radiation of Her Xl is completely sufficient

to provide the observed optical variability of HZ Her, Since

Fx >>F0 the maximum temperature of the photosphere is equal to

r'efj = p/, - ~L/ 1 __ uo , i.e., upon adoption of the

system parameters [7] ofiLzIO .ergs/sec and a distance from

the x-ray source to the Lagrange point of .S5 cu, it can

even exceed the observed temperature. Here is the Stefan-

Boltzmann constant.

a. 36-day periodicity of Her Xl

Thus far, the nature of the variability of the x;-ray source

Her X1 with a 36-day period has not been explained: radiation
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is observed at the Earth only during 12 days out of the 36. The

optical variability of HZ Her with the system period being P =
dId , which is associated with the reprocessing of the x-ray

radiation of Her Xl in the normal- component atmosphere, is

observed during the entire 36-day cycle and does.net disappear

for 24 days [201. Two alternatives exist:

1) the x-ray source p1i' cesses with a 36-day period 121 -

23] and illuminates the Earth 12 days out of 36; the normal

star,' which has enormous angular dimensions s, 0.6 steradians

when observed from the source, is illuminated to some extent or /2

other constantly at 36 days;

2) hard x-ray radiation with hv > 2 keV is periodically

switched on.[24, 25], but there is constantly operating a source

of soft x-ray radiation with hv'< 1 keV, which heats up the hot

spot on the surface of HZ Her and maintains the optical vari-

ability with the system period.[13, 8]. A decisive, argument in

choosing between these two alternatives would be.the observation

of hard-x-ray radiation with hv ~ 15 - 30 keV. In case 1), the

intensity of the reflected (observable during 24 days of the

36) x-ray flux should amount to approximately 10% of the maximum

level and vary with a period of P = Id. (Figure 1). Pulses with

a period of P = 1.24 sec in the reflected flux should be sup1.r':

pressed. Their amplitude should amount to approximately 10 -

20% of the reflected signal level. In case 2), the hard x-ray

radiation should be absent during 24 days, the same as the

softer x-ray radiation with h v ~- 2 - 6 keV.

We note that it is possible to hope for the extraction of

a reflected signal for hv > 6 keV against the primary flux?'back-

ground. The strong (variable with the system period) polariza-

tion of the reflected radiation facilitates this extraction.
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The small amplitude of the short-period pulses permits hoping

for observations of the reflected signal between pulses of the

primary radiation. The powerful K -line of iron may, .in principle,

be detected upon detailed spectral observations.

b... Possibility of 'the existence "of a sof t x-~ray

source in the sys tem

The second possibility for explaining the 36-day cycle

discussed in the preceding section suggests the presence in

the HZ Her system of a soft x-ray source. It will be shown

below that such a possibility is highly unlikely - the repro-

cessing of soft x-ray radiation in the normal star atmosphere

cannot result in the optical phenomena observed in HZ Her.

We briefly recall these phenomena. UBV and spectral /25

observation 1[6, 19, 26] show that the temperature of the

surface on the star hemisphere which is .turned toward the x-ray

source drops off rapidly with distance from the point nearest

the x-ray source. Absorption lines corresponding to the spectral

classes B2 - A7 are observed [26]. Thisobservation indicates

that the optical radiation (formed as a result of-the reprocess-

ing of the energy of the x-ray flux) emerging from the star

photosphere passes through layers lower in temperature than the

radiation temperature, i.e., the x-ray radiation gets to a

significant depth in the atmosphere. As was shown .in 17], the

reprocessing of the hard x-ray radiation of Her Xl explains

the observed properties of HZ Her.- Can a soft..x-ray source of

such power result in these properties?

The agre'emehtof the spectral classes of HZ Her at

different phases, which were determined independently according

to UBV [6] and spectroscopic observations [19, 26], indicat \
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conditions close to local thermodynamic equilibrium at each

point of this star photosphere. Therefore, the temperature in

the region in which the optical spectrum is reprocessed cannot

be greater than T 1.6 -1040 "K, which corresponds to the
e

earliest spectral class observed for.this star, namely, B2.

At such a low temperature, the.photoabsorption cross section of

x-ray quanta having 55 eV < hv < 1 keV is great, which takes plac

primarily by He I and He II ions and.also those of carbon and

oxygen. Let us assume, in the atmosphere of HZ Her CM =
11

1.7 M, R = 2.5 ' 10  cm) an exponential density distribution

e = exp\[-(z/H)], where H (kT R2 /m GM) " 2.3 10 Te \ ex where H e p "_e

*10 ' em Then at a depth with an optical_ thickness basedon
free-free absorption (which gives the main contribution to the

opacity at Te 1.6 10 40 K) ofe

f0 z 7,-/v 7YH/Z 1 (27)

the optical thickness for photoabsorption is 80, even for quanta

with hv = 1 keV and is 2\6\ 103 and 3 ' 105, for quanta with /26

hv = 250 eV and 50.eV, respectively. The free-free absorption

coefficient has been taken here to be I6I, I o-zT, ui [27].

The densityAl 74x0 c[: in the zone in :which the emission spectrum

is formed is easily estimated from condition (27). Recombination

processes are effective at, such a large density and low tempera-

ture, and the degree of ionization of the heavy elements and

helium cannot be so high as to weaken the photoabsorption of

x-ray quanta.. Thus, soft x-ray radiation should be absorbed in

a region optically thin for free-free processes and cannot be

reprocessed into Planckian radiation. We recall that. the optical

thickness for photoabsorption is comparable to the optical

thickness for free-free processes (in the model under discussion)

for quanta with hv ~ 4 keV, but quanta with hv ~ 20 - 30 keV

make the main- contribution to the energy flux in the observed
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x-ray spectrum of Her Xl. We assume the other possibility,

namely, that the observed optical radiation is produced in a

high temperature region of the atmosphere which is optically

thin for pure absorption [9] to be highly unlikely (where then

are the absorption lines formed?). In this case, the energy

requirements on the model sharply increase: an optically thin

hot plasma emits a small part of its energy in the optical

region. A significant part of the intensity of the optical

emission should be concentrated in emission lines, which is not

observed.

B. X-Ray Pulsars into Whose Directionality Diagram the

Earth Does Not Fall

The results of this article permit us to point out the

possibility of the existence of a population of x-ray sources

which radiate weakly in the well-studied spectral region hv ~

2 - 6 keV and are bright at hv ~ 15 -20 keV. These sources

should be characterized by a sinusoidal variability in time with

periods typical for close binary systems. We suggested that:

1) there exists a close-binary systemwhich includes a /27

a clompact source of primary x-ray radiation and a normal star

which fills its critical Roche lobe;

2) the narrow directional radiation of the primary

source (a neutron star?) does not fall on the Earth, but due

to the large angular dimensions of the normal component C('2

0.5 -- 1 steradians), part of its surface is continually

illuminated bythe x-ray flux.

There is nothing unusual about these suggestions; the x-ray

pulsars Her.Xl and Cen X3 are members of close binary,,systems and

have rather narrow directional diagrams. There ,should~exist
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directions in which they do not radiate.

a. Spectrum of the reflcteed radiation

With a typical spectrum for the x-ray source ()a p(-A!JT

with kTx  20 - 40 keV, the spectrum of the reflected radiationx
is similar to a Wien spectrumwith a maximum at hv- 15 - 20 keV.

Subtle spectral effects associated with the K-jumps in the

photoabsorption cross section and with the emission of K -

quanta of iron, sulfur, and other elements are possible (see

Figure 2 and Section IVa).

b.. Variability

It is possible to receive, on the Earth, x-ray radiation

reflected from the surface of the normal component. The rotation

of the binary system results in a variability of the reflected

x-ray flux with a period of the binary system and with an

amplitude strongly dependent on the orbit inclination. The

x-ray brightness curves in reflected light for a binary system

with i = 90', 150, and 00 (straight line) are shown in the upper

part of Figure la. The shape of these curves depends weakly on

the specific parameters of the binary system if the normal

component dimensions are close to the dimensions of the critical

Roche lobe. For comparison, the x-ray brightness curve in

direct rays is illustrated for the case of i = 900.

c. The source Cyg X3

The curve in Figure la corresponding to i = 150 resembles

the x-ray brightness curve of the source Cyg X3 128], which 'has /28

not been explained up to now. It is possible that this source

is a binary system of the type being discussed. (We note that
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the small orbital inclination complicates the detection of the

system optical variability.) Spectral peculiarities (the flat

spectrum in the relatively soft hv ' '3 -- 6 keV x-ray region)

of the source Cyg X3 could easily be explained, by the presence

in the system of an ionized scattering'region with.T0 ~ 0.3 (see

Section IVb). The reflected radiation should be linearly polar-

ized at all observation phases, since the orbital inclination is

small.

The primary pulses of the x-ray flux may be significantly,

weakened in the reflected signal. When the redeived signal is

deflected mainly from the high-temperature scattering layer of

large extent .1>c , the rapid variability of the reflected\

signal should be additionally weakened in comparison with the

estimates of Section IVc due to the finite transit time of the

light through this zone. We recall.that noticeable pulses

with characteristic times 0.1 < p < 1 sec have not been observed

for this source [28].

No more than 30% of the incident energy in the 2 - 6 keV

region can be reflected from the normal component surface. Since

the luminosity of the primary source barely exceeds Lx \,\l038

ergs/sec, then adopting kTx 4-\30 keV, it is easy to show.that the

system cannot be further away than 1.5 kpc in order to provide
the observed x-ray flux. Based on the observations of absorp-

tion in the A21 cm line in the spectrum of a radio source which

floats\up near Cyg X3, the distance to it is estimated to be

8 - 11 kpc [29]. If these two peculiar objects, namely the

radio source and the x-ray source, spatially coincide, the

estimate cited for the distance offers great difficulty to the

suggested interpretation of the x-ray brightness curve of Cyg X3.

The authors are greatful to Ya. B. Zel'dovich, .I. L.

Beygman, and A. M. Urnov for discussions.
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